Over 90% of the world's population acquires a cytomegalovirus (CMV) infection. This infection, although asymptomatic or self-limiting, is a major burden to the immune system. For this reason, and because CMV immunization is possible, determining whether CMV can cause reduced longevity, particularly among those with coronary artery disease, is important and previous reports have been conflicting. Thus our objective was to assess the association between CMV infection as defined serologically and antibody levels against CMV and longterm survival (18 years). We completed a prospective observational cohort study of 915 consecutive patients (mean age 58 years) undergoing coronary angiography. CMV immunoglobulin levels were measured at baseline using either a whole cell CMV antigen or a purified protein antigen (gB). After adjustment for potentially confounding variables (age, race, gender, body mass index, the presence or absence of coronary artery disease, the number of diseased vessels, diabetes, renal disease, hypertension, dialysis, congestive heart failure, and the maximum percent reduction in luminal diameter), Cox's proportional hazards models showed no association between CMV seropositivity or levels of antibodies against CMV by either assay and longevity for both patients with or without coronary artery disease (CAD) nor for those under or over 70 years of age at baseline. Our observations suggest that universal immunization against CMV may not improve longevity.
Introduction
Cytomegalovirus (CMV) is a ubiquitous viral infection that eventually infects over 90% of the world's human population, although the rate at which CMV is acquired varies widely depending on location and a variety of social and demographic factors. For the vast majority of infected individuals, CMV causes no obvious disease but it is a serious pathogen for pregnant women and their fetuses, and for those with depressed cellular immunity. Among infected asymptomatic healthy individuals, CMV infections do place a significant burden upon the immune system and this burden increases with age. Both CMV antibody titers and percentage of CD8 + cells targeting CMV increase with age, suggesting a chronic persistent subclinical infection. 1, 2 Recent studies have observed an association between CMV infections and high titer antibodies, and premature mortality in elderly immunocompetent adults. [3] [4] [5] The reason for this is unclear but CMV does play a role in the development of certain types of coronary atherosclerosis. Following cardiac transplantation, those patients with CMV infections are at significantly greater risk of developing accelerated post transplantation coronary atherosclerosis than are patients not infected with CMV. 6 Epidemiological data suggest that a prior CMV infection is a risk factor for restenosis of coronary arteries following coronary atherectomy. 7 Although the exact mechanism by which CMV promotes atherosclerotic coronary occlusion is unknown, some hypotheses have been made. 8 Less clear, however, is the role, if any, that CMV plays in the development of atherosclerotic heart disease. Several studies have identified high antibody titers to CMV as a risk factor for the development of coronary atherosclerosis. 9, 10 Other studies have not confirmed an association between CMV infections and/or high antibody titers and coronary artery disease. [11] [12] [13] Although there is currently no licensed CMV vaccine, CMV is a vaccine preventable infection.
14 Current vaccine strategies contemplate immunizing women of child-bearing age and transplant recipients. If, however, CMV is associated with accelerated coronary artery disease and/or decreased longevity, then universal immunization against CMV may be desirable. Therefore, to determine whether CMV seropositivity and/or the titer of antibodies to CMV antigens AD169 and glycoprotein B (the major CMV envelope glycoprotein containing neutralizing epitopes against CMV) predicts long-term survival, we studied the survival of over 900 successive adult patients with and without angiographically proven coronary artery disease.
Materials and Methods

Subjects and study design
This study involved 920 consecutive adult patients undergoing coronary angiography at the Medical College of Virginia Hospital between November 1991 and June 1992. Details on the study methods and sampling design have been previously published. 11 The study was a prospective observational cohort study in which we examined the serum CMV immunoglobulin (IgG) antibody and the risk of mortality. Blood was drawn from each patient by venipuncture, collected into a 10 mL nonheparinized vacuum tube and left to clot at room temperature. The serum samples were centrifuged and sera removed, aliquoted, and stored frozen at -70° until being assayed. Five subjects without baseline serum specimens were excluded leaving 915 patients for analysis. For each patient, a case report form was also collected which listed a variety of demographic and health data, and catheterization results. The study was approved by the VCU Committee for the Conduct of Human Research.
Patient information obtained included gender, race, height, weight, birth date and cholesterol. Body mass index (BMI) and age at angiography were obtained from this information. Patients were considered to have coronary artery disease (CAD) if there was a reduction in luminal diameter of any coronary artery of more than 50% or if there had been a previous coronary artery bypass graft or previous percutaneous transluminal angioplasty. The number of diseased vessels (>50% blockage) was counted and the severity of disease was assessed as the maximum blockage of the four coronary arteries. Additional risk factors were also recorded: diabetes, impaired renal function, hypertension, dialysis, or congestive heart failure.
In 2001 and 2010, patient deaths were confirmed using the social security death index, patient's name, social security number, and last known residence. Those still alive as of May 2010 were included in the survival analyses as a censored observation. The survival time was determined as the number of years surviving after catheterization for the primary analysis. This was calculated as the number of days between the catheterization date and the date of death (or May 1 st 2010 for censored observations) divided by 365.25. Thus, this is an over 18-year mortality determination. For 920 study participants, the date of death was known for 61%; 565 died. For the secondary end-point, survival time was determined by the number of years surviving since birth.
Serological assays
Serum IgG antibodies to CMV were first measured quantitatively with an enzyme immunoassay (EIA) using AD169 as previously described. 11, 15, 16 Calibrator sera and positive and negative control sera were included on each plate. All sera were diluted 1:20. Absorbance was measured on a dual wavelength Vmax Microelisa Auto Reader (Molecular Devices, Palo Alto, CA, USA). Absorbance values (test absorbance minus control absorbance) of the calibrator sera were plotted against a standard number of antibody units determined by end-point dilution, and the number of antibody units for the test serum was calculated from the regression equation. Greater than 50 antibody units was considered positive. The correlation coefficient of the calibrator sera was over 0.95 in all tests. IgG antibodies to purified CMV glycoprotein B were assayed as previously described. 17 Briefly, to measure IgG antibodies to gB in sera, sera were diluted to 1:3200 and 1:6400 in duplicate in PBST with 3% BSA, and 100 mL of each dilution were added per microwell precoated with 10 mg/mL of purified gB (Chiron Corp., Emeryville, CA, USA) in carbonate buffer (ph 9.6) or 100 mL of control antigen (10 mg/mL of bovine serum albumin (BSA). After 90 min at 37°C, the microwells were washed four times with PBST and then 100 mL of a 1:500 dilution of alkaline phosphatase (AP) conjugated goat antihuman immunoglobulin G (Tago, Inc., Burlingame, CA, USA) in PBST with 3% BSA was added to each microwell. After 90 min at 37°C, the microwells were washed four times with PBST and then 100 mL of p-nitrophenyl phosphate (Sigma Chemical Co., St. Louis, MO, USA), 1 mg/mL, in 10% diethanolamine (pH 9.6) was added to each well. The plates were incubated at room temperature until an optical density of 0.200 at 405nm had developed with a 1:6,400 dilution of a CMV positive serum (30-60 min.). The difference in absorption at 405 nm/490nm between the control wells (coated with BSA) and the wells coated with gB was measured on a dual wavelength Vmax Microelisa Auto Reader (Molecular Devices, Palo Alto, CA, USA). All assays were run in duplicate. A standard curve for the association between optical density units and serial dilutions of a pooled intravenous immunoglobulin (IVIG) preparation (Sandoz, East Hanover, NJ, USA) was established and previously published. 11 For each subject, the number of IVIG antibody units per 1:3200 dilution of serum was calculated with an antibody unit defined as the natural log of the reciprocal of the dilution of IVIG required to produce the observed optical density units.
Statistical analysis
Study participants' baseline characteristics were compared across categories of CMV antibody concentration using either ANOVA for continuous variables or the χ 2 test for binary variables. The primary analysis compared survival time between five antibody concentration groups using a Kaplan-Meier survival analysis. Additional analyses tested for a difference in survival time between those antibody negative and those positive, and also tested for a trend in survival time using CMV antibody as a continuous predictor in a Cox's proportional hazards model. An additional primary analysis compared survival time between the five antibody concentration groups after adjusting for all other risk factors in a Cox's proportional hazards model. These risk factors were determined by first screening the demographic and medical characteristics using a Cox's proportional hazards model for the continuous risk factors or a Kaplan-Meier survival analysis for the nominal risk factors. Those risk factors significantly associated with survival time were included in the adjusted Cox's proportional hazards analysis.
Additionally, since previous studies indicated CMV infection as a risk factor for earlier mortality in older adults, similar Cox's proportional hazards models were used to test this association only in individuals who were at least 70 years old at the beginning of the study.
All P values were derived from two-tailed tests. Analyses were conducted using SAS software (JMP version 9.0, SAS Institute Inc., Cary, NC, USA).
Results
The demographic and medical characteristics of the patients included in the prospective cohort are shown in Table 1 . The mean age of patients was 58.4 years (SD=12.2) and the mean BMI was 27.8 lbs/in 2 (SD=5.9). The patients were 59% Caucasian and 56% male. Based on angiography, 60% of the patients had newly diagnosed coronary artery disease (CAD) and another 10% had had previous coronary artery disease based on a previous coronary artery bypass graft or previous percutaneous transluminal angioplasty. So overall, at baseline, 70% of the patients had CAD. Forty percent of patients had less than two coronary vessels obstructed (> 50%) and 60% had one or more of the following risk factors: diabetes (26%), impaired renal function (4%), hypertension (51%), dialysis (2%), or congestive heart failure (5%). The average maximal reduction in arterial luminal diameter was 60%.
The CMV IgG concentration to AD169 was grouped into five groups: a seronegative group and four additional groups according to quartiles of antibody concentration in the seropositive range. Since CMV antibody concentration may be associated with the other characteristics included in the table, we tested for a significant difference between the five quintiles. There was a significant difference in average age across the five quintiles (ANOVA P=0.02), and this seems to be accounted for by the younger seronegative subjects. Similarly, lower antibody concentration is associated with being white and being male (χ 2 Ps<0.01). There were fewer patients in the seronegative group who had any risk factor (P=0.2). There was no apparent difference between the five groups of antibody concentrations according to BMI, cholesterol, the presence or absence of CAD, or the number of diseased vessels.
For subjects between 40 and 70 years of age at baseline, similar results were obtained for the antibody assay using gB antigen (Table 2) .
Since there are two outcomes (survival years after angiography, and total survival years after birth) and two CMV antibody measures (IgG concentration using AD169 and IgG concentration using the gB antigen), there are four main analyses to consider. Additionally, similar analyses will be reported in a subset of older adults.
Survival years after angiography versus CMV IgG to AD169
To test whether CMV IgG concentration to AD169 is associated with a higher risk of mortality we first used the survival time from the day of coronary angiography. A Kaplan-Meier survival analysis comparing the five quintiles of antibody concentration showed no significant difference (log-rank χ 2 = 2.2, P = 0.69). The median survival time across all groups was 12.9 years and the largest difference between groups was between the seronegative subjects (median = 14.4 years) and the first quartile (median = 12.0 years).
To assess the independent effect of CMV infection on mortality, it is necessary to adjust for potential confounders. This was performed using Cox's proportional hazards model. To identify the potential confounders, we identified significant predictors of mortality by screening each of the characteristics listed in Table 3 . Older subjects are subject to a higher mortality risk (P<0.01) as were those with higher BMI (P<0.01). Those with CAD have a median survival time of 12.3 years whereas those without CAD survive a median of 15.9 years. There is a similar negative risk for those newly diagnosed with CAD at baseline. An increasing number of diseased vessels, the presence of a risk factor, or a greater reduction in luminal artery diameter carries an increased mortality risk. The screening did not indicate that race, gender, or cholesterol were significant risk factors, so they were not included in the multivariate Cox's proportional hazards model.
The adjusted test for the effect of CMV infection on post-angiography survival time included the following potential confounders: age, BMI, CAD, number of diseased vessels, the presence of any risk factor, and the maximum percent of reduction in luminal diameter. Additionally, the five quartiles of CMV antibody concentration were included in the model to test the primary aim of the study. Since the sample size was smaller for those newly diagnosed with CAD, all subjects with CAD were included in the Cox's model. As shown in Table  3 , all of the confounders except the percent reduction in luminal diameter remained significant in the multivariate model. However, even after adjustment for these confounders, there was no evidence that the five quintiles of CMV antibody concentration described significantly different mortality groups (P>0.9). The same result was found when excluding those with previously diagnosed CAD patients (P>0.8, data not shown). The other three tests in Table 3 represent the results of using other ways of considering CMV IgG antibody concentration. If instead of 5 quintiles, the concentration is considered a continuous predictor, no significant risk is indicated (P>0.5). If antibody concentration is considered as seronegative or seropositive, there is no significant difference (P>0.5), or if the highest quintile is considered the binary risk group, there is no significant difference (P=0.6).
Survival years after birth versus CMV IgG to AD169
The adjusted test for the effect of CMV infection on survival years included the same confounders. The median survival age was 75.8 years. The results for these analyses are shown in Table 3 . The same pattern of relationships CMV, cytomegalovirus; BMI, body mass index; CAD, coronary artery disease. *Values > 50 units were considered seropositive. The classification of subjects into antibody concentration quintiles were: those who were CMV seronegative and those who were in the first, second, third, and fourth quartiles, respectively. The five antibody groups compared using either ANOVA or χ 2 . °Significant difference between the 5 antibody groups in the specified characteristic, P < 0.05. # Excluding patients with previous coronary artery bypass graft or previous percutaneous transluminal angioplasty. § Risk factors: diabetes, impaired renal function, dialysis, hypertension, or congestive heart failure. CMV, cytomegalovirus; BMI, body mass index; CAD, coronary artery disease. *Values > 5 were considered seropositive. The classification of subjects into antibody concentration quintiles were: those who were CMV seronegative and those who were in the first, second, third, and fourth quartiles, respectively. The five antibody groups compared using either ANOVA or χ 2 . °Significant difference between the 5 antibody groups in the specified characteristic, P < 0.05. # Excluding patients with previous coronary artery bypass graft or previous percutaneous transluminal angioplasty. § Risk factors: diabetes, impaired renal function, dialysis, hypertension, or congestive heart failure.
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with the confounders was found. And the analyses also indicated no support for a relationship with CMV antibody levels (Ps> 0.7).
Survival years versus CMV IgG to gB
We next examined survival in relation to the levels of IgG to CMV glycoprotein B in patients who were aged 40 to 70 years of age at baseline. The adjusted tests for the effect of antibody infection on survival years are shown in Table 3 . The analyses of survival after birth or angiography indicate no support for a relationship with CMV infection (Ps>0.15).
Survival years versus CMV IgG antibody to AD169 for the elderly
We next examined survival in all individuals who were at least 70 years of age (n = 178, Table 4 ). Cox's proportional hazards analysis was used to test for relationships with CMV IgG to AD169. The same pattern of relationships with the confounders was found and the analysis also indicated no support for a relationship with CMV for either measure of survival time (Ps>0.14 for years after angiography and Ps>0.16 for total survival time).
In summary, in none of the analyses using different survival time measures and different CMV antibody measures did we find any evidence that CMV infection increased the risk of mortality. This was true in the larger study of all 913 patients and in the 178 elderly patients.
Discussion
Our data from a large cohort of non-transplant patients undergoing cardiac catheterization suggest that CMV infection is unlikely to be an important independent risk factor for premature death both among patients with or without atherosclerotic heart disease. Our study has several strengths. First, our study included a large sample size of 915 consecutive patients undergoing coronary angiography and used an objective quantitative measure, angiography results, to define coronary artery disease. Second, our sample included two racial groups, both genders, and diverse ages and patients with and without coronary artery disease to asses the association between CMV infection, anti-CMV antibody levels, and longevity. Third, we used two antigens (AD169 whole cell antigen and a purified protein antigen, gB) to measure the levels of IgG to CMV at baseline. The gB antigen used was identical to the protein used in an effective vaccine and antibodies to this antigen correlate with neutralizing activity whereas the assay using whole cell AD169 antigen does not. 14 Fourth, our follow-up time for assessing survival was at least 18 years; far longer than previously published studies. For these reasons, it is likely our observations reflect what would have been observed in a true population-based study with prolonged follow up.
A possible limitation of our study was that, as previously reported by others, we did not include large subgroups of patients for whom there may have be an association between survival and CMV infection associated with high titer antibodies. 3, 5, 8 For example, we did not measure non-specific markers of inflammation such as C-reactive protein or interleukin-6, smoking, or chronic concurrent infections such as Chlamydia, hepatitis, herpes, etc. These factors, if present in any given patient, may interact with CMV and be associated with reduced longevity, as has been previously suggested. 5, 8 Nor did we include exclusively elderly patients or only those with coronary artery disease, as in other studies. 3, 4, 5, 13, 18 Our observations appear to support previous studies and contradict others. Three recent studies did observe an association between those with high antibody titers to CMV and reduced longevity. [3] [4] [5] These studies enrolled only elderly subjects. In one, the mean age was 80 years. A second enrolled only Latino subjects aged 60 years or older, and the third enrolled only women between 70 and 79 years of age. In another study of 890 patients with a mean age of 65 years and significant coronary disease established by angiography, an association between CMV seropositivity and death or myocardial infarction was observed over three years. 8 In this study, however, there was a strong independent association with death or myocardial infarction and chronic infection with H. pylori, Chlamydia pneumoniae, herpes simplex, and evidence of chronic inflammation as measured by C-reactive protein. However, our analysis of 178 elderly patients, although of reduced sample size, did not reveal an association between CMV antibody levels and mortality.
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Our observation, however, does concur with other studies. In a prospective study of 989 patients with documented coronary artery disease and followed for a median of three years, after adjustment for confounders, CMV seropositivity was not related to cardiac mortality. 13 In a case-control study of 213 elderly patients with a known myocardial infarction or coronary artery disease, CMV seropositivity was also not associated with mortality during a 2-year average follow-up period. 12 In this study, however, antibodies to herpes simplex type 1 and high titer antibodies to Chlamydia pneumoniae were independent risk factors for death.
It appears that studies that enrolled elderly subjects (> 70 years) were those that observed an association between very high antibody titers to CMV and premature mortality. 3, 4, 5 Ours and another study enrolled younger subjects and did not observe reduced mortality associated with high CMV titers. 13 The average age of our subjects was 58 years. The high antibody titers to CMV may simply reflect failing cellular immunity and T-cell expansion which advances with age and leads to subclinical inflammation, CMV reactivation, and premature death. Those with the highest titers may have the greatest deficit in their cellular immune systems with persistent CMV antigen stimulation and chronic inflammation as reflected by high levels of CMV antibodies and non-specific immune markers such as IL6 or C reactive protein. 19 Thus the validity of our observation and those of previous studies need confirmation in larger population based studies. This is important because of the ubiquity of CMV infections among world populations and because CMV infections are potentially preventable via immunization and/or treatable with antiviral agents. Currently available data do not support universal immunization against CMV as a means of increasing longevity, but do not exclude the appropriateness of randomized trials of anti-inflammatory or antiviral therapy against CMV for certain subgroups of people, for example, those who are elderly with chronic inflammation and concurrent infections. 
